The most characteristic findings of QRS waves of the spatial velocity ECG in atrial septal defect are that the velocity increased markedly after the initiation of the terminal delay. The peak velocity in the terminal delay and the velocities at the beginning portions of the terminal delay showed positive correlations with pulmonary artery and right ventricular pressures. Mean values of the pulmonary artery and the right ventricular pressures were significantly higher in the group with higher peak velocity in the terminal delay than in the group with lower peak velocity in the terminal delay. The durations of the terminal delays showed significant negative correlations with the pulmonary artery and the right ventricular pressures. Using only 2 parameters concerning the terminal delay of QRS waves of the spatial velocity ECG, namely the peak velocity in the terminal delay and the duration of terminal delay, 93% of the normal subjects, 100% of the usual type of the complete right bundle branch block and 95% of atrial septal defect were differentiated each other.
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where SV: Spatial velocity ECG; X, Y and Z: Scalar ECG of Frank system VCG. The electric characteristics of these circuits and the method of calibration were described previously (Mori et Group C: One-peaked pattern of main QRS wave, or slurring of the peak of main QRS wave (5 cases, 9%) A pattern of group A1 was most frequently observed, and was considered as the basic pattern in atrial septal defect. Mean values and standard deviations of the pulmonary artery and the right ventricular pressures, pressure gradients between right ventricle and the pulmonary artery (systolic and mean), and the areas of atrial septal defect determined during surgery in these 5 groups were shown in the Table I . Statistical comparisons of these mean values in each of 5 groups were also shown. Mean value of the systolic pressure of the right ventricle was significantly higher in A1 than in A2 group (p<0.05). Mean values of the pulmonary artery and right ventricular pressures (both systolic and mean) were slightly higher in B1 than in A1 group, but these differences were not significant. Mean values of the pulmonary artery (mean pressure) and the right ventricle (systolic and mean pressures), and pressure gradient (systolic) were slightly higher in A1 than in C group, but these differences were not statistically significant. Mean value of the pulmonary artery mean pressure was significantly higher in A1 than in A2 group (p<0.05). There was no significant difference in hemodynamic data between A2 and C, and also between B1 and C groups. It was assumed from these results that the grades of the hemodynamic loadings for the right heart were higher in A1 and B1, in which the velocities of S were higher than in the other groups. Thirty-three parameters of QRS waves of the spatial velocity ECG described in the section of measurements were measured or calculated. Statistical comparisons of the mean values of the main items of these parameters between the normal group and atrial septal defect were shown in the Table II . These values of QRS waves of the spatial velocity ECG were correlated with the various hemodynamic parameters such as pulmonary artery, right ventri-cular pressures and pressure gradients between the right ventricle and the pulmonary artery (both systolic and mean), and thus 210 of coefficients of correlations were obtained by means of the electronic computer. These results were summarized in Fig. 2 .
The velocities of D, Td, F, and S showed significant positive correlations with the mean pressures of the pulmonary artery and the systolic and mean pressures of the right ventricle (D showed the positive correlation only with the mean pulmonary artery pressure). QRS-d time showed negative correlations with the mean pulmonary artery and right ventricular pressures.
QRS-e time and (QRS-d)/d ratio showed negative correlations with the mean right ventricular pressure. QRS-f time showed a negative correlation with the mean pulmonary artery pressure.
Thus the velocities at the beginning portions of the terminal delay (TD, F) and the peak velocity in the terminal delay (S) showed positive correlations, and the duration of the terminal delay showed negative correlation with the various hemodynamic parameters indicating right ventricular overloadings in atrial septal defect.
c. Differentiations of atrial septal defect, complete right bundle branch block and normal subjects by means of the spatial velocity ECG. Fig. 4 showed the distributions of the peak velocity in the terminal delay (S) and the durations of terminal delays (QRS-f, QRS-td) in atrial septal defect, complete right bundle branch block without demonstrable heart disease, and normal subjects. Velocities of S were much higher in atrial septal defect than in the other 2 groups, permitting relatively good separations for atrial septal defect from the other 2 groups. The separations between the normal group and the complete right bundle branch block were very poor by this parameter.
Durations of terminal delay (QRS-f, QRS-td) were much longer in the complete right bundle branch block than in the other 2 groups. Normal subjects and complete right bundle branch block were separated perfectly by this parameter, but the distributions of right bundle branch block and atrial septal defect showed some overlappings. Fig. 5 showed scattergram of the normal subjects, atrial septal defect and complete right bundle branch block, plotting the duration of the terminal delay (QRS-td) on the horizontal (X) axis and the velocity of S on the vertical (Y) axis.
The velocities of S were less than 30mV./sec. and the durations of terminal delay (QRS-td) were more than 55msec. in all cases of the complete right bundle branch block. Thus the separations of complete right bundle branch block from the other 2 groups were satisfactory, giving the diagnostic positivities of 100%. The separations of atrial septal defect from the normal subjects were obtained in all except 3 of the former and 4 of the latter, using the criteria of the velocity of S of 50mV./sec. or more and the duration of terminal delay of 35msec. or more. Thus the diagnostic positivities of 93%, 100%, and 95% were obtained in normal subjects, in complete right bundle branch block, and in atrial septal defect respectively, using only 2 parameters, namely peak velocity and duration in the terminal delay of QRS waves of the spatial velocity ECG.
DISCUSSION
Velocities of inscription of vector loops were usually expressed by marking the vectorcardiographic loops with saw-toothed waves of the definite frequencies. Such methods, however, offer to us only approximations for the velocities of inscription of vector loops. The spatial velocity electrocardiography should be used for the precise investigations. The most characteristic ECG findings in atrial septal defect is incomplete right bundle branch block. This finding is expressed as terminal delay or closed spacing of time markers at the terminal portion of QRS loop. This finding is considered as the expression of the hypertrophy of the outflow tract of the right ventricle. So the terminal delays in atrial septal defect and in the usual type of complete right bundle branch block have somewhat different clinical significance. Diastolic overloadings of the right ventricle are present in atrial septal defect, and also systolic overloadings may be combined in the advanced cases in which the pulmonary hypertension is present . The characteristic findings of QRS waves of the spatial velocity ECG in usual type of complete right bundle branch block were that the grades and the durations of the delay in the later half of QRS waves were much pronounced although the initial half of QRS wave was inscribed normally.
